INTRODUCTION {#sec1-1}
============

The main objectives of endodontic therapy are to eliminate bacteria from the root canal and to prevent the regrowth of residual microorganisms.\[[@ref1]\] Antimicrobial agents are recommended for intracanal antisepsis, to prevent the growth of microorganisms between appointments.\[[@ref2]\]

*E. faecalis* plays a major role in the etiology of persistent periradicular lesions after root canal treatment. Its prevalence in asymptomatic, persistent endodontic infection is about 77%.\[[@ref3]\] *C. albicans* is the most common fungus isolated from failed endodontic cases.\[[@ref4]\]

Calcium hydroxide has been widely used in endodontics. However, *E.faecalis*\[[@ref5]\] and *C.albicans*\[[@ref6]\] have been reported to be resistant to the antimicrobial effect of calcium hydroxide as a result of their ability to penetrate the dentinal tubules and adapt to the changing environment. Therefore, a search for a better alternative has led to various formulations of calcium hydroxide, using different vehicles and newer antimicrobial agents such as chlorhexidine.

Bhat and Walkevar, in 1975, demonstrated the strong antibacterial action of propyleneglycol against the common microorganisms found in infected root canals and suggested its wider application in endodontics as a gentle vehicle for intracanal medicaments. Its hygroscopic nature permits the absorption of water, which ensures a good sustained release of calcium hydroxide for long periods.\[[@ref7]\]

Calcium hydroxide with iodoform and silicone oil as a vehicle (Vitapex, Neo Dental Chemical Products Co. Ltd, Tokyo, Japan) is very popular. It is composed of calcium hydroxide (30.3%), iodoform (40.4%), silicone oil (22.4%), and inert substances (6.9%).\[[@ref8]\]

Chlorhexidine has a reasonably wide range of activity against aerobic and anaerobic organisms as well as the *Candida* species.\[[@ref9]\]

To date, no study has compared the antimicrobial efficacy of calcium hydroxide with two different vehicles (propylene glycol and iodoform with silicone oil), with chlorhexidine, against *E.faecalis* and *C.albicans*. The aim of this study is to determine the antimicrobial efficacy of two different formulations of calcium hydroxide and compare it with that of chlorhexidine, using an *in vitro* model of *E.faecalis* and *C.albicans* dentinal tubule infection.

MATERIALS AND METHODS {#sec1-2}
=====================

The model proposed by Haapasalo and Orstavik\[[@ref10]\] was modified for this study, similar to the one that was used by Krithikadatta *et al*.\[[@ref11]\]

Dentin block preparation {#sec2-1}
------------------------

A rotary diamond disk was used to decoronate 80 freshly extracted, single-rooted human teeth, 5 mm below the cementoenamel junction. The remaining root was sectioned such that 6 mm of the middle third of the root was obtained. The cementum was removed from the root surface to standardize the external diameter to approximately 4 mm, using a cylindrical diamond bur (Mani Inc., Japan). The internal diameter was standardized to Gates Glidden drill number 3 (Mani Inc., Japan) with a slow speed handpiece (NSK, Tokyo, Japan). The organic and inorganic debris was removed by treating the blocks with 17% ethylenediaminetetraacetic acid (Dent Wash; Prime Dental Products Pvt. Ltd.; GG-41) for five minutes, followed by 5% sodium hypochlorite (Prime Dental Products Pvt. Ltd.; B.No 188777-0) for five minutes. Next they were dipped in distilled water for five minutes and sterilized in an autoclave at 121°C. Half the number of blocks was subjected to a second cycle of sterilization, with the blocks immersed in 1 ml of tryptone soya (TS) broth in individual microcentrifuge tubes, and the other half in sabourauds dextrose (SD) broth.

INFECTION OF THE BLOCKS {#sec1-3}
=======================

*E.faecalis* and *C. albicans* were used as the test organisms. Twenty-four hour colonies of pure culture of *E.faecalis* (ATCC 29212) and *C. albicans* (90028) grown on tryptone soya agar and Sabourauds dextrose agar, respectively, were suspended in 5 ml of TS broth for *E.faecalis* and Sabourauds infusion broth for *C. albicans*, and incubated for 24 hours at 37°C. The culture suspensions were adjusted to match the turbidity equivalent of a 0.5 McFarland standard. Fifty microliters of inocula were transferred to presterilized individual microcentrifuge tubes containing 1 ml of respective broths and dentin block. The dentin blocks were transferred to a fresh broth containing microorganisms, every second day. All the procedures were carried out in a biosafety cabinet. The purity of the culture was checked by subculturing 5 *μ*l of the broth from the incubated dentin blocks in the respective broths, on agar plates. The blocks were infected during the 21-day period.

Antimicrobial assessment {#sec2-2}
------------------------

After the incubation period, the blocks were irrigated with 5 ml of sterile saline, to remove the incubation broth.

The dentin blocks were assigned to the following groups (n = 5) for each day. Forty blocks were used for *E.faecalis* and 40 for *C.albicans*.

Group I: Normal Saline(0.9%w/v; NS 500 ml,B.No. 301211411) \[negative control\].

Group II: Calcium hydroxide (Deepashree Products, India, B.No.051) + Propylene glycol (Hi Media) \[150 mg of calcium hydroxide powder was mixed with 0.15 ml of the vehicle, i.e., distilled water\].\[[@ref7]\]

Group III: Calcium Hydroxide (30.3%), Iodoform (40.4%), Silicone oil (22.4%), and inert substances (6.9%), (Vitapex; Neo Dental Chemical Products Co. Ltd., Tokyo, Japan).

Group IV: Two percent Chlorhexidine gel (20% CHX digluconate solution; Sigma Aldrich, Bangalore,C9394) \[20% solution was first diluted to 2% and then the 2% CHX gel was prepared by mixing it with polyethylene glycol as the vehicle and methyl cellulose as the thickening agent\[[@ref11]\]\].

All the blocks, after medication, were sealed above and below with paraffin wax and incubated in an aerobic environment, at 37° C. An antimicrobial assessment was performed at the end of two and seven days, with five blocks from each group, for every time interval. The blocks were washed with 5 ml of sterile saline combined with ultrasonics to remove the medicament. Dentin debris were harvested at depths of 200 *μ*m and 400 *μ*m by using GG drills (Mani Inc., Japan) Nos. 4 and 5 ,respectively, collected in 1 ml of sterile broths, and incubated in aerobic environment at 37°C for 24 hours. After the incubation period, the content of each microcentrifuge tube was evaluated by measuring the optical densities using the Multiskan Spectrum (Thermo Scientific) microplate spectrophotometer, at 620 nm.

Statistical analysis {#sec2-3}
--------------------

The data were analyzed with one-way analysis of variance followed by Tukey multiple comparison test, to check the differences in microbial inhibition between the groups (*P* \< 0.05 = \*, *P* \< 0.01 = \*\*, *P* \< 0.001 = \*\*\*). The paired t test was used to check the differences in growth at different time intervals within the groups and for differences at the two depths at (*P* \< 0.05 = \*, *P* \< 0.01 = \*\*, *P* \< 0.001 = \*\*\*).

RESULTS {#sec1-4}
=======

For *E.faecalis* {#sec2-4}
----------------

All the three medicaments used in this study exerted antimicrobial activity. Group II and Group IV had the highest antimicrobial activity. There was no statistical difference between Group II and Group IV and between 200 *μ*m and 400 *μ*m. For all the three medicaments the bacterial inhibition was significantly more on the seventh day as compared to the second day. The inhibition of growth in all the groups was statistically significant in comparison to Group I \[[Figure 1](#F1){ref-type="fig"}\].

![Comparison of the mean OD values for the four groups at 200 and 400 micrometers depth on the second and seventh days for *E.faecalis*](JCD-14-182-g001){#F1}

For *C.albicans* {#sec2-5}
----------------

All the three medicaments used in this study exerted antimicrobial activity. Group III and Group IV had the highest antimicrobial activity. No statistical difference was seen between Group III and Group IV and between 200 *μ*m and 400 *μ*m. For all the three medicaments the fungal inhibition was significantly more on the seventh day as compared to the second day. The inhibition of growth in all the groups was statistically significant in comparison to Group I \[[Figure 2](#F2){ref-type="fig"}\].

![Comparison of mean OD values for the four groups at 200 and 400 micrometers depth on the second and seventh days for *C.albicans*](JCD-14-182-g002){#F2}

DISCUSSION {#sec1-5}
==========

*E.faecalis* is a normal inhabitant of the oral cavity and is associated with different forms of periradicular disease. *C. albicans* is the fungal species most commonly detected in the oral cavity. It has been demonstrated that *E.faecalis* and *C.albicans* are highly resistant to calcium hydroxide.

A combination of two medicaments may produce additive or synergistic effects.\[[@ref12]\] Therefore, different vehicles have been added to calcium hydroxide in an attempt to enhance its antimicrobial activity against the two tested microorganisms.

The model proposed by Haapasalo and Orstavik\[[@ref10]\] was modified for this study, by adapting it to extracted human teeth rather than the previously used bovine incisors. This modification was considered appropriate because of the marked difference in diameter between the canals of bovine and human teeth.\[[@ref13]\] In addition, studies with human dentin blocks would definitely be more suitable to simulate the clinical scenario. The presence of the cementum affected the ability of the *E.faecalis* cells to infect the dentinal tubules, therefore, the cementum was removed from the specimens and a period of 21 days for microbial inoculation was taken for this study. The antimicrobial assessment was performed at two depths, 200 *μ*m and 400 *μ*m.\[[@ref11]\]

The effective antimicrobial action of the tested intracanal medicaments decreased after 48 hours,\[[@ref14]\] therefore, one of the time periods chosen to evaluate the antimicrobial assessment was after the second day. Calcium hydroxide requires a minimum period of seven days as an intracanal dressing, therefore, in half of the specimens the medications were kept for seven days.\[[@ref15]\]

The direct contact test method using spectrophotometry was selected for this study as the optical density of the broth (containing dentinal debris), which was directly related to the number of microorganisms present, and therefore, could be used to examine the antimicrobial efficacy of a medication.\[[@ref16]\] This method was especially helpful when a large number of specimens were taken.\[[@ref13]\]

According to the results of this study calcium hydroxide with propylene glycol (group II) and 2% chlorhexidine gel (group IV) performed the best for *E.faecalis*,and the differences between their antibacterial activities were not statistically significant. The possible reason for the antimicrobial action of calcium hydroxide with propylene glycol might be due to the mechanism of action of the antimicrobial activity of propylene glycol, as given in the book 'Antimicrobials in Food,' by Michael Davidson; which was related to the tendency of its molecules to orient themselves between the lipid and the water phases of the microbial membrane, which possibly altered the permeability of the cell membrane function. As the fungal cell wall mainly contained chitin (polysaccharide) and the cell membrane of sterols,\[[@ref17]\] propylene glycol might be more effective for *E.faecalis*, which had lipoteichoic acid as a major component of the cell membrane.\[[@ref18][@ref19]\]

The results of this study showed that for *C.albicans*, Group III (calcium hydroxide with iodoform) and Group IV (2%chlorhexidine gel) had the highest antifungal activity, and the differences between their antifungal activities were not statistically significant. Iodine was bactericidal as well as fungicidal.\[[@ref9]\] The antimicrobial action of calcium hydroxide with iodoform against *C. albicans* might be due to the role of the calcium ions in the regulation of *C. albicans* morphogenesis. It inhibited the mycelial growth of *C.albicans*.\[[@ref20]\] The antimicrobial effect of calcium hydroxide, due to the release of hydroxyl ions, might be enhanced due to the inhibition of *C.albicans* growth by calcium ions. This might be the possible cause for the better performance of Group III, for *C.albicans*.

Chlorhexidine has a reasonably wide range of activity against aerobic and anaerobic organisms as well as the *Candida* species.\[[@ref9]\] This might be responsible for its high antimicrobial activity against *E.faecalis* and *C.albicans*.

The inhibition of the growth of *E.faecalis* and *C.albicans* at 200 *μ*m and 400 *μ*m was uniform, with no statistical difference. This was in accordance with the study by Krithikadatta *et al*.\[[@ref11]\]

The antimicrobial action of all the three medicaments increased on the seventh day as compared to that on the second day, for both the organisms tested in the study. Propylene glycol was hygroscopic in nature, and therefore, there was a sustained release of hydroxyl ions from calcium hydroxide.\[[@ref7]\] This might be the reason for the increased antimicrobial activity of Group II on the seventh day. Calcium hydroxide with iodoform in silicone oil had an oily vehicle. As oily vehicles have the lowest solubility and diffusion of the paste within the tissues,\[[@ref8]\] it might have resulted in the better antimicrobial action of Group III on the seventh day. For chlorhexidine, it had the property of substantivity,\[[@ref9][@ref14]\] which might have been responsible for its higher antimicrobial activity in Group IV on the seventh day as compared to the second day.

Results obtained from the *in vitro* laboratory experimental study cannot be directly extended to the clinical situation; however, they do provide reproducible and reliable means for comparing and testing the antimicrobial efficacy of various intracanal medicaments.

CONCLUSIONS {#sec1-6}
===========

From the results of this study it was concluded that:

Two percent chlorhexidine gel was an effective antibacterial and antifungal intracanal medicament against *E.faecalis* and *C.albicans*, respectively.The type of vehicle used would alter the antimicrobial property of calcium hydroxide as an intracanal medicament.Addition of propylene glycol to calcium hydroxide as an intracanal medicament made calcium hydroxide an effective antibacterial agent against *E.faecalis*.Addition of iodoform with silicone oil to calcium hydroxide as an intracanal medicament made calcium hydroxide an effective antifungal agent against *C.albicans*.
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